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The combination of a solar thermal and photovoltaic system is called 
photovoltaic thermal system (PVT). The PVT system with and without V- 
absorber has been intended to harvest both hot air and electricity. The hot air 
that is produced is used in the cooling process of the photovoltaic panel and 
then to improve the efficiency of the photovoltaic panel. The experimental 
investigation was conducted at the mass flow rate from 0.0069 kg/s to 0.0491 
kg/s and solar radiation of 522 W/m 2 and 820 W/m 2 in the National 
University of Malaysia. The using V-absorber collector increases exergy and 
exergy efficiency of PVT system. The improvement potential comparatively 
upsurges with cumulative the mass flow rate. 
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1. INTRODUCTION 

The use of fossil fuels at this time will be replaced by renewable energy because of its clean and 
renewable properties. Solar energy has a fundamental role of the energy needs in a country or globally [1]. 
Solar energy is one of the renewable energy that we can get anywhere. Applications of solar energy can be 
grouped into two parts, a solar thermal system that converts solar energy into heat energy and photovoltaic 
systems that convert solar energy into electricity. The combination of a solar thermal and photovoltaic system 
is called Photovoltaic thermal system (PVT). Since 1970s, Research and Development of PVT system rise 
because of needs to improve the PV efficiency [2]. Zohri et al. [3] have analyzed exergy and energy 
performance of PVT system with and without fins absorber with the mathematical model approach. The 
exergy and energy performance with fins absorber is higher than without fins absorber. Zohri et al. [4] have 
conducted exergy analysis of PVT system with v-groove collector by mathematical model. The yield of study 
shows that the effect of solar intensity and the mass flow rate increased exergy efficiency. 

Zohri et al. [5] have done a comparison of photovoltaic thermal with and without fins collector. The 
use of fins collector was higher electrical and thermal performance than without fins collector. The 
combination of PV panel arrangement with the application of fuzzy reason to maximum power point tracking 
(MPPT) has been analyzed by Mohammad et al. [6]. The simulation and mathematical model method of the 
photovoltaic panel have been calculated by Surya and Sai using Matlab-Simulink [7]. The analysis results 
based on the circuit equation of photovoltaic solar cells with solar radiation and temperature factors. Fudholi 
et al. [8] has compared exergy and energy analyses of photovoltaic thermal with V-groove by the theoretical 
and experimental approach. The yield of theoretical and experimental was approximately 94%. Fudholi et al. 
[9] have analyzed solar collector two-pass with and without fins collector. The energy efficiency and cost- 
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effective of two-pass with fins are higher than without fins collector. Fudholi et al. [10] have calculated the 
exergy and improvement potential analysis for the fins double-channel solar collector. The resulting analysis 
for optimal energy efficiency is about 77%. 

Sopian et al. [11] conducted a comparison of one-channel and two-channel PVT system design. 
They concluded that two-channel has higher efficiency then one-channel. Tiwari and Sodha [12] established 
the theoretical approach of a combined PVT solar air and water boiler system. They trust that the 
environment state has very significant for efficiency effect. Bosanac et al. [13] have analyzed the exergy of a 
PVT system and described that maximum exergy efficiency is about 12% and the overall energy efficiency is 
about 60%. Saitoh et al. [14] have conducted the comparison between exergy and energy efficiency of a 
brine-cooled PVT system in Hokkaido and assumed alike equations as occupied from Fujisawa and Tani 
[15]. Ajam et al. [16] have calculated the energy and exergy analysis of a solar air heater and established 
maximum working and design factors of the heater. Sahin et al. [17] have analyzed the exergy of a 
photovoltaic group based on chemical possible mechanisms. They have compared energy, electrical, exergy 
performances below assumed climatic and operating conditions. 

Many researchers have done analysis exergy efficiency of PVT system solar air collector with the 
experimental and theoretical approach but the comparison exergy and improvement potential analysis with 
and without V-absorber collector is still less. The performances of PVT with V-absorber collectors are 
characterized by their air temperature rise, thermal and electrical efficiency. The electrical efficiency of PV 
panel depends on its temperature, which corresponding to the cooling performance. Cooling is a feature that 
distinguishes PV panel from PVT collector. Therefore, the objective of this study is to analyze the 
improvement potential and exergy performance of PVT system with and without V-absorber collector under 
solar simulator. 


2. EXPERIMENTAL METHOD AND ANALYSIS 

The PVT system with and without V-absorber collector is consists of a PV panel, V-absorber 
collector, fan, an insulator. Ducting used to connect a fan to the PVT system with and without V-absorber 
collector. The tunnel bars were placed on the back surface of PV panel. The 100 Watt PV panel was insulated 
with monocrystalline. The PVT with V-absorber collector evaluated using a specially constructed solar 
simulator in the laboratory. Solar simulator built using 45 halogen lamps with 500W each lamp. Regulators 
were used to controlling the solar radiation or brightness of solar simulator. The experiments were conducted 
under solar radiation of 522 W/m2 and 820 W/m2, with different mass flow rates from 0.0069 kg/s to 0.0491 
kg/s. the electronic load was used to collect data voltage and current with model 8500 from BK precision. An 
airflow DTA 4000 anemometer was used to determine the airflow velocity. A pyranometer to determine solar 
radiation and J-type thermocouples connected to multimeter was used. Using ADAM-4019 to record 
temperature data using computer software automatically made in Solar Energy Research Institute (SERI), the 
National University of Malaysia. Figure 1 shows the installation of PVT system under simulator. 



Figure 1. Installation of PVT system with and without V-absorber collector under simulator 
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Normally, performances of PVT air collector is presented by thermal, electrical, and combined 
efficiencies, which are functions of parameters such as solar radiation, mass flow rate, ambient, inlet, outlet 
temperatures. The exergy analysis is based on the second of law of thermodynamic, the general exergy 
balance is expressed as [18]. 


£ Exergy input = £ Exergy out + £ Exergy desL (1) 

Or the equation for exergy is 

£ Exergy out = £ Exergy Thermal + £ Exergy PV . (2) 


Where, 

£ Exergy PV = rj PV A PV G (3) 


2 Exergy Thermal = rhC(T 0 


2 Exergy input = A PV N PV G 



(4) 

(5) 


_ Exergy out 
l Exergy Exergy in 


( 6 ) 


Where g Exergy is exergy efficiency, Exergy out is output exergy, Exergy in is input exergy, A PV is 
Photovoltaic panel (PV) area, N PV is the number of PV, G is intensity of solar, T s is sun temperature (T s = 
5777K), T a is ambient temperature, T 0 , T t and T PV are the outlet temperature, the inlet temperature and 
Photovoltaic panel (PV) temperature respectively °C. The exergy destruction (Exergy dest ) or irreversibility 
may be calculated as follows. 


Exergy dest T a Sg en (7) 

Where the entropy group ratio is S gen . Ambient temperature is T a . The enhancement of the exergy 
efficiency is at maximum, while the irreversibility of slightly energy progression is at the lowest condition. 
The improvement potential (IP) of PVT system is the concept of an exergetic. Improvement Potential is very 
beneficial instrument to examining method. The IP of PVT system is calculated by [19] 

IP ~ — V exergy') Energy dest ( 8 ) 

Where, For Electrical efficiency [20] 

^ = ^>[1 - 0.0045(7^-25)] (9) 

For the temperature coefficient p re f can be written as [21] 

^ ref ~ (T 0 -T ref ) < ' 10 ' ) 


For Thermal efficiency by following [22]. 


7 lth = mC(J 0 -T i )/IA (11) 

The physical properties of air are hypothetical vary linearly with temperature ( °C) by Fudholi [23]: 
Specific heat 

C = 1.0057 + 0.000066 (T - 27) (12) 

Density, 

p = 1.1774 - 0.00359 (T - 27) (13) 
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Thermal conductivity 

k = 0.02624 + 0.0000758 (T - 27) (14) 

Viscosity 

li = [1.983 + 0.00184(7 - 27)]10" 5 (15) 

The heat transfer coefficient to wind according to Ong [24] is 


h w = 2.8 + 3.3V 


(16) 


Where, h w heat transfer coefficient due to wind and V is the wind velocity. The heat transfer 
coefficient from panel cell to sky. 


h 


r,pvs 


<r £pv (Tp V +T s ) ( Tp V + T$ ) ( Tp V -T s ) 

Tp V -T a 


(17) 


_ ^(jvp +T b)(jpv +T b) 
r,pvb ~ / i i \ 

V apy ccpy ) 


(18) 


Where T s is the sky temperature, T c is the photovoltaic panel temperature. 

T s = 0.05527 a 15 (19) 


3. RESULTS AND ANALYSIS 

Figure 2 displays the exergy and exergy efficiency versus the difference of mass flow rate of PVT 
system with and without V-absorber collector in solar radiation of 522 W/m 2 . With using collector, the 
exergy is between 45.95 Watt and 51.15 Watt with exergy efficiency of 14-16%. With using without 
collector, the exergy is between 44.42 Watt and 49.00 Watt with exergy efficiency of 14-15%. The optimum 
exergy of 51.15 Watt was detected with collector at the mass flow rate of 0.0069 kg/s and the minimum 
exergy of 44.42 Watt was detected without collector at the mass flow rate 0.0491 kg/s. The exergy and 
exergy efficiency rises as the mass flow rate drop. 



♦ Exergy With Collector B Exergy Without Collector 

A Exergy Eff. With Collector )( Exergy Eff. Without Collector 


Figure 2. Mass flow rate versus exergy and exergy efficiency in solar radiation of 522 W/m 2 


Figure 3 display the mass flow rate versus improvement potential and exergy destruction of PVT 
system with and without collector. For the solar radiation of 522 W/m 2 , the exergy destruction of PVT 
system with collector is between 257.63 Watt and 262.83 Watt with improvement potential of about 214.95- 
223.72 Watt. With using without collector the exergy destruction of PVT system is between 259.62 Watt and 
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264.20 Watt with improvement potential of about 218.40-226.18 Watt. The improvement and exergy 
destruction congruently rise as the mass flow rate rises. 



Figure 3. Mass flow rate versus Improvement potential and exergy Destruction in solar radiation of 522 

W/m 2 


Figure 4 displays the exergy and exergy efficiency versus the difference of mass flow rate of PVT 
system with and without V-absorber collector in solar radiation of 820 W/m 2 . With collector, the exergy is 
between 77.98 Watt and 80.10 Watt with exergy efficiency of 16.1-16.5%. Without collector, the exergy is 
between 76.89 Watt and 79.00 Watt with exergy efficiency of 15.9-16.3 %. The optimum exergy of 80.10 
Watt was detected with collector at the mass flow rate 0.0069 kg/s and the minimum exergy of 76.89 Watt 
was detected without collector at the mass flow rate 0.0491 kg/s. The exergy and exergy efficiency rises as 
the mass flow rate drop. 



Figure 4. Mass flow rate versus exergy and exergy efficiency in solar radiation of 820 W/m 2 


Figure 5 display the mass flow rate versus improvement potential and exergy destruction of PVT 
system with and without collector. For the solar radiation of 820 W/m 2 , the exergy destruction of PVT 
system with collector is between 404.71 Watt and 406.83 Watt with improvement potential of about 337.84- 
341.39 Watt. With using without collector the exergy destruction of PVT system is between 405.81 Watt and 
407.92 Watt with improvement potential of about 339.68-343.23 Watt. The improvement and exergy 
destruction congruently rise as the mass flow rate rises. 
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Figure 5. Mass flow rate versus Improvement potential and exergy Destruction In solar radiation of 820 

W/m 2 


Table 1 shows the comparison of design PVT and solar collector system with other literature. The 
use of collector is with parallel-plate, solar collector, v-groove and integrated greenhouse system. The present 
study, v-groove and fins collector are a similar yield of the exergy efficiency. The improvement potential in 
solar collector or PVT system rises with rising solar intensity and mass flow rate of air. Table 1 shows that 
fins solar collector design is higher improvement potential than other collector. Fins solar collector used two- 
pass construction and the solar intensity of 790 W/m 2 . 


Table 1. Comparison of Design PVT System with other Fiterature 


Designs of collector 

Exergy efficiency 

Improvement Potential 

References 

Parallel-plate collector 

12.00 % - 15.00 % 

/ 

[25] 

Solar collector 

13.50 % 

/ 

[13] 

y-groove collector 

14.00 % - 17.80 % 

/ 

[4] 

Fins solar collector 

15.00 % - 17.00 % 

740-780W 

[10] 

Building Integrated PVT system 

12.00 % - 14.00 % 

404 W 

[26] 

Present study 

16.50 % 

214.95- 343.23W 



4. CONCLUSION 

The main conclusions that can be drawn from this study are as follows; a) The exergy and exergy 
efficiency of PVT system with and without V-absorber collector is highly dependent on the mass flow rate; 
therefore, as the mass flow rate increases then the exergy and exergy efficiency becomes increasingly high. 
The optimum exergy is about 80.10 Watt was detected with collector at the mass flow rate 0.0069 kg/s and 
exergy efficiency is 16.5% with collector. The using collector can improve exergy and exergy efficiency of 
PVT system; b) The improvement potential is between 214.95 Watt and 343.23 Watt with an exergy 
destruction of 257.63 - 407.92 Watt in solar radiation of 522-820 W/m 2 . The improvement potential 
comparatively upsurges with cumulative the mass flow rate and solar intensity. 
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